The US Affordable Care Act specifies implementation of a national partnership for disease prevention and health promotion, with a focus on reducing health disparities. 1 Although the Affordable Care Act includes community outreach as a key component, it provides little detail on optimal methods for integrating community and health care silos. One potential linkage is the community health worker (CHW) who is a lay person trained to carry out specific health interventions. There is considerable evidence supporting the positive impact of CHWs on the health of diverse populations with hypertension and other chronic conditions. 2---6 However, systematic reviews of CHW effectiveness suggest important gaps in the evidence base, 7, 8 and studies of coronary heart disease (CHD) risk factor interventions, in particular, were isolated within health care delivery settings. In addition, no studies to date have demonstrated a reduction in global CHD risk, the strongest predictor of long-term fatal and nonfatal cardiovascular events. 9 Although the burden of CHD continues to decline, 10 it remains the leading cause of morbidity and mortality in the United States 11 where substantial health disparities persist among underserved populations, particularly geographically isolated residents. 12--- 14 In addition to limited access to primary care, rural medical centers have significantly fewer clinical capabilities, worse measured processes of care, and higher mortality rates among patients presenting with acute cardiovascular conditions. 15 From 2006 to 2009, a previous statewide CHW-based network provided CHD screening to medically underserved populations including urban, rural, and frontier regions of Colorado. 16 The CHWs were deployed to provide pointof-service health screenings and education. In this population of17 995 individuals, 82% were unaware of their risk for CHD, which suggested an important unmet public health need. This previous program was not designed to track health outcomes and focused primarily on the first step in the health improvement continuum by raising awareness among vulnerable individuals. Given this background, we enhanced the framework of the previous program by integrating best practices from multiple public health and health care models. This included:
1. creating a decision-support algorithm that would generate tailored health messages based upon national treatment guidelines, 2. assessing participant readiness to change, 3. utilizing motivational interviewing techniques to promote healthy behavior change, 4. incorporating longitudinal follow-up for at-risk participants, 5. improving navigation into medical care and community resources, and 6. integrating health care provider educational detailing.
These enhancements were incorporated into an electronic data collection system designed to assist the CHWs' workflow within the overall program framework. The program was adapted to the culture of the community to effectively link community outreach with local medical clinics. We sought to demonstrate whether a CHW-based program that integrated both public health and health care models would reduce CHD risk. We assessed outcomes from 2010 to 2011, and investigated factors associated with changes in Framingham Risk Score (FRS).
METHODS
The Colorado Heart Healthy Solutions program (CHHS) is a statewide chronic disease prevention program primarily funded by the Cancer, Cardiovascular and Pulmonary Disease grants program of the Colorado Department of Public Health and Environment. The grants program is sustained through a constitutional amendment, which created a tobacco excise tax to enhance the early detection, prevention, and treatment of the leading chronic diseases in the Objectives. We evaluated whether a program to prevent coronary heart disease (CHD) with community health workers (CHWs) would improve CHD risk in public health and health care settings.
Methods. The CHWs provided point-of-service screening, education, and care coordination to residents in 34 primarily rural Colorado counties. The CHWs utilized motivational interviewing and navigated those at risk for CHD into medical care and lifestyle resources. A software application generated a real-time 10-year Framingham Risk Score (FRS) and guideline-based health recommendations while supporting longitudinal caseload tracking. We used multiple linear regression analysis to determine factors associated with changes in FRS.
Results. From 2010 to 2011, among 4743 participants at risk for CHD, 53.5% received medical or lifestyle referrals and 698 were retested 3 or more months after screening. We observed statistically significant improvements in diet, weight, blood pressure, lipids, and FRS with the greatest effects among those with uncontrolled risk factors. Successful phone interaction by the CHW led to lower FRS at retests (P = .04).
Conclusions 34 Colorado counties of which 8 were urban, 14 were rural, and 12 were designated as frontier. The CHWs were hired and placed locally within 20 centers: 12 public health agencies (including 1 visiting nurse association and 1 area health education center) as well as 8 health care delivery agencies ( Figure 1 ). Health care agencies included 4 federally qualified community health centers and 4 rural hospitals. Program participants were recruited primarily via community outreach. Examples of outreach venues included churches, barbershops, local businesses, migrant farming areas, homeless shelters, grocery stores, and large-scale screening events in frontier counties because of the very low population density. Within health care agencies, CHWs were permitted to enroll individuals from the health care agencies for the purposes of providing enhanced chronic disease self-management.
Community Health Worker Intervention
We created the program as a multicomponent intervention that integrated best practices from public health and health care to bridge divisions between the 2 paradigms. This was based upon our recognition that programs grounded in more than 1 theory and containing multiple levels of intervention are more likely to be successful. 17 After the screening interaction, CHWs conducted a follow-up call approximately 2 weeks later to check on the status of referrals and action plans, and assist participants with overcoming any barriers. The frequency and timing of additional follow-ups were decided by the CHW and participant. Finally, participants were encouraged to return within 3 to 12 months after the initial screening for a retest visit. During retest visits, CHWs reassessed all risk factors and health status in a manner identical to the initial screening episode.
Outreach Screening and Referral Data System
The Outreach Screening and Referral (OSCAR) system (CPC Clinical Research, Aurora CO) is a software system that guided the CHW through the program framework described previously. In addition to collecting individual and community data, it provided decision support to CHWs and incorporated educational tools for participants. The OSCAR system consisted of a tablet computer interface for the CHWs in the field, a Web service for automatic synchronization between tablets and the master relational database, and a Web application for program administration and producing reports.
The data collection component of the system captured participant demographics, health care information, health history, dietary practices, physical activity levels, health goals, participant activation measures, and risk factor values. The decision support component of the OSCAR system incorporated these values to calculate the participant's FRS and generate standardized health messages based on national guidelines. 22---24 Finally, the OSCAR system graphically displayed the participant's FRS and any changes from previous interactions for the CHW to use as an educational tool with the participant. Other key features of OSCAR included generating cues to CHWs when to refer individuals into medical care, guiding CHWs in assessing readiness for change and creating appropriate action plans, incorporating a scheduling system that prompted CHWs to call participants, and generating referral letters to local health care providers. OSCAR also managed a dynamic inventory of local clinics and healthy living resources such as nutrition programs, exercise classes, and smoking cessation resources. Information available to the CHWs regarding local clinics included capacity for new patients, provision of indigent care, and bilingual (Spanish) capacity.
Because data from the various sites were synchronized with a master database, we were able to track temporal changes in standardized health metrics at the individual, community, and overall program level. Despite program implementation in numerous remote partner agencies across Colorado, these design features facilitated monitoring of each community's performance, which subsequently informed identification of communities that need additional support.
Health Care Provider Educational Detailing
We based the identification of a physician champion in each community upon diffusion of innovations theory. 25 Physician champions were felt to be important to the program by promoting use of evidence-based therapies and providing traction for access to care among at-risk participants identified by CHWs. All program sites, whether public health or health care, designated a physician champion to accept referrals from the CHW and handle alert screening values.
To ensure cohesion between CHWs and local health care providers, physician members of the program team performed periodic visits and education sessions with the 272 health care providers cataloged in the dynamic inventory. The first provider visit occurred shortly after a site joined the program. These visits included the following stakeholders: the local CHW(s), the CHW supervisor, office manager, agency executive director, and physician and midlevel providers. After completion of the initial visit we disseminated monthly electronic academic detailing given previous success utilizing this methodology to improve dyslipidemia care in Colorado. 26 Detailing included brief CHD case-based learning vignettes alternating with "fast facts" highlighting recent developments in CHD preventive care. Our detailing program derived some of its components from a public health detailing program used in primary care. 27 Components included education on CHD risk factor treatment, an action kit for site initiation visits including the Colorado State CHD guideline, 28 information on the validity of point-of-care lipid testing, 20 and reports on the numbers of participants navigated into care within their community.
Analysis
We estimated the 10-year risk of developing CHD by using the FRS, 29 Baseline sociodemographic variables collected in the OSCAR system included age, gender, race, insurance, education, and employment status. Health characteristics pertaining to CHD risk including medication use and family history were collected. Participants were asked if they previously knew their risk of developing CHD, to rate their overall health, and report their exercise and diet habits for fiber and fat intake. We summarized demographic and health characteristics by using means and standard deviations for continuous variables and frequency distributions for the categorical variables. We compared sociodemographic variables between the group with no retest and those with a retest by using the 2-sample t test for continuous variables and the v 2 test for categorical variables. We assessed program implementation by quantifying participants with a successful follow-up phone call before retest, medical and lifestyle referrals performed by the CHW, and site (public health or health care agency). We compared baseline and retest values for FRS and its component risk factors-including systolic BP, total cholesterol, and HDL cholesterol-by using a paired t test. We considered the change from baseline in 10-year FRS the primary outcome and incorporated it into a multiple linear regression model. We did not include variables used in calculating the FRS in the model unless they were considered as possible interactions with other covariates. Covariates considered for inclusion in the model were age, gender, race, education, employment, follow-up phone call, site (public health or health care agency), change in systolic and diastolic BP, change in cholesterol, change in exercise habits, change in fiber intake, change in fat intake, change in blood glucose, and having received medical or lifestyle referrals at the screening visit. We tested covariates for colinearity by using correlation coefficients before inclusion in the model. We sequentially eliminated covariates individually from the model until all parameter and interaction estimated P values were less than 0.25. We computed least squares means and 95% confidence intervals (CIs) for categorical factors. The Tukey-Kramer method of adjustment for multiple comparisons was used for the CI calculations. Covariates that remained in the final regression model included age, gender, follow-up phone call, site, and the change from baseline in total cholesterol, systolic BP, diastolic BP, exercise habits, fiber intake, and fat intake. Significant interactions in the final model were gender---site, gender---follow-up phone call, age---follow-up phone call, age---change in fiber intake, change in systolic BP---exercise, change in total cholesterol---exercise, and change in total cholesterol---site. 
RESULTS
The flow of screened participants and derivation of the analysis population is presented in Figure 2 . A total of 27 731 individuals had complete screening records in the OSCAR database as of May 18, 2011. Iterative site initiation, OSCAR training, and compliance with protocols was felt to be accomplished across sites as of February 1, 2010, leaving 7381 participants who completed their screening between February 1, 2010, and February 18, 2011, representing the cohort evaluated after full program implementation. Among those, 4743 individuals were identified by the OSCAR system as being at risk for CHD. Participants who had a retest visit 3 months or more after screening were analyzed to assess changes in health outcomes, which yielded an analysis population of 698 at-risk individuals. We applied the missing data schemes for BP and cholesterol in the calculation of FRS to 6.4% of the analysis population. We applied the 10% upward adjustment on the basis of self-reported CHD history to 7.6% of the analysis population. Table 1 shows the demographic and health characteristics for at-risk individuals with no retest (n = 4045) as well as at-risk individuals who were retested (n = 698). More than 25% of patients in both groups had no health insurance. Less than 10% of participants in both groups rated their health as excellent. Individuals retested were less likely (8.5% vs 16.1%) to know their risk of CHD. It is notable that there was a higher percentage of those in the retest group reporting that they were in the "action" stage of change (19.8% vs 15.5%). The retested group had a higher percentage of participants overweight or obese and was significantly more likely to receive a medical referral from the CHW at screening (60.9% vs 39.9%). The mean 6SD FRS for the retested group was 12.3% 611.3% (minimum = 0.25%; maximum = 65.7%) whereas it was 9.4% 69.8% (minimum = 0.13%; maximum = 65.4%) in the no-retest group (P < .05). Table 2 shows the changes in health characteristics after a mean 6SD follow-up of 8.3 62.9 months (range = 3.1---15.2 months). For the primary outcome, we observed modest, statistically significant reductions in FRS: -0.8% 66.2% in the analysis population and Continued RESEARCH AND PRACTICE -2.0% 68.5% among those with an FRS greater than 10% at baseline. We also observed statistically significant improvements in total cholesterol, LDL cholesterol, systolic BP, and weight. In addition, we observed small, but significant increases in HDL cholesterol. For all health parameters tested, those individuals considered uncontrolled in that parameter realized greater absolute improvements in clinical outcomes. Fat intake was reduced among 27% and increased in 13%. Similarly, fiber intake increased among 17.3% of the cohort and decreased in 5.8%. However, exercise frequency increased in only 14.1%, whereas 28.1% reported a decrease in frequency (data not shown).
Univariate Results

Multivariate Results
Results from the multiple linear regression model revealed that participants receiving the follow-up phone call from a CHW before the retest had lower FRS scores at retest than those who did not receive a phone call (P = .04). Furthermore, we observed an interaction between receiving a CHW follow-up call and gender and age. Men without a follow-up call demonstrated an estimated mean increase in FRS of 1.7% (95% CI = 0.04, 3.35) whereas those older than 50 years (categories of 50---64 years and 65---98 years) who received a follow-up call had an observed decrease in FRS of -1.25% (95% CI = -2.28, -0.22) and -1.52% (95% CI = -3.00, -0.04), respectively.
Overall reductions in FRS did not differ significantly among participants enrolled in health care delivery facilities compared with local public health agencies (P = .9). Parameter estimates and least squares means resulting from the model are included in Table A (available as a supplement to the online version of this article at http://www.ajph.org).
DISCUSSION
To our knowledge, this program is the first to demonstrate that a CHW-based initiative can reduce 10-year CHD risk as measured by FRS. In addition to long-term CHD risk, this program also demonstrated statistically significant univariate improvements in dietary patterns, weight, BP, and cholesterol levels for those who returned for a follow-up visit. This extends the evidence that CHWs can improve individual CHD risk factors such as BP and glycemic control. 4, 5 In a multiple linear regression model, change in FRS was similar regardless of geographic region and regardless of health care or public health setting. Furthermore, we observed that receipt of a phone call from the CHW following screening was associated with improvements in FRS at the follow-up visit. Among older men this phone call was associated with even greater improvements in FRS. As this demographic is generally at greatest absolute risk for developing atherosclerosis 29, 30 this demonstrates the CHWs' ability to motivate behavior changes in high-risk populations. Overall, the proportion of participants with underlying hypertension, dyslipidemia, and diabetes was higher than the averages Note. BP = blood pressure; CHD = coronary heart disease; GED = general equivalency diploma; HDL = high-density lipoprotein; LDL = low-density lipoprotein. *P < .05. Determined by t test or v 2 test comparing groups.
for the State of Colorado Survey, 31 suggesting that this intervention appropriately targeted a population in need of services.
Although the results reported herein are preliminary, these findings suggest that a CHW operating within both public health and clinical sites has the potential to improve CHD risk factor control. Although further exploration of causal factors related to differential health outcomes within these 2 settings is needed, implementation of a statewide CHW-led intervention with centralized management seems clearly feasible. The program is innovative in operating within a community yet emphasizing close ties to the health care delivery system. By integrating a process of physician buy-in from inception and fostering inclusion through academic detailing, physicians become part of a stakeholder group necessary for ongoing community---clinic linkages.
The OSCAR software system was designed to integrate public health and primary care by incorporating several essential public health services with evidence-based clinical care. At the participant level, OSCAR enabled monitoring of health status by tracking individuals' risk factors and facilitating CHW counseling by providing risk-appropriate health recommendations based upon national guidelines. Most tools that assess FRS have been designed specifically for use in the clinic setting. 32 By creating algorithms that translated FRS and the individual's risk factors into customized health messages, the FRS was successfully utilized by CHWs outside the clinic setting to identify those at risk and refer them for medical care. On the community level, the OSCAR system fostered evaluation of overall program effectiveness and allowed for ongoing updates of individual community resource inventories. Finally, the design of the overall program was informed by a team that consisted of both public health and health care professionals who engaged local stakeholders to tailor the program to the culture and needs of the community. This type of blended infrastructure including centralized and local leadership may provide a template for improving population health in the era of health care reform.
Limitations
A number of factors should be considered when one is interpreting the results of this program. The current evaluation represents a pilot investigation into a complex multicomponent public health intervention. Because the program has many embedded elements it is difficult to discern the contribution of each program component to the observed improvement in outcomes. This limitation was partially addressed in the regression model by including the follow-up phone call, site type, and receipt of medical or lifestyle referrals as surrogates for the program components. Nonetheless, most successful health improvement programs are effective precisely because they have multiple components that have an adequate impact on the determinants of health. 33 Another important issue relates to dissemination and adoption of the program outside Colorado. Full adoption by CHWs of the software system required ongoing training and technical support and was not well suited to large-scale screening events in frontier counties, which required data input after completion of the event.
We acknowledge that the 698 participants in the analysis group consist of only 15% of the 4743 participants identified as at risk for CHD and are a self-selected population. Therefore, results of this study cannot simply be extended to a larger population. The program was voluntary and resources to aggressively pursue participants not retested were limited. Moreover, many individuals were referred into medical care and lifestyle resources potentially limiting their enthusiasm for duplicating services via a subsequent retest visit. However, we are encouraged that those who returned for retesting had a higher baseline FRS and were less likely to know their risk of CHD at baseline. This suggests that our program was successful at reaching those individuals most vulnerable to developing CHD.
One final consideration was utilization of the traditional FRS 29 that assessed a standard 10-year risk of developing CHD. We also utilized a broader cardiovascular disease risk profile (including death, myocardial infarction, angina, stroke, transient ischemic attack, peripheral arterial disease, and heart failure) for imputation, 30 which may be more applicable to ethnic minorities and the poor who are at greater risk of developing noncoronary atherosclerosis. 11 However, we did not employ this formula for final calculation of global risk because of the much greater proportion of individuals it would have identified as being at risk for developing cardiovascular events.
Conclusions
A CHW-based program that integrates both public health and primary care practices across urban, rural, and frontier counties has the potential to improve CHD risk factor control. P values from paired t test testing the null hypothesis that the change from screening to retest value is equal to zero.
The program highlighted herein was tailored to meet the needs of the individual community by the locally hired CHW; however, core components of the intervention were consistent across all sites and geographic regions in the state of Colorado. Frieden et al. have emphasized the importance of public health programs gaining strength in 3 key functional areas: information systems, communications, and policy. 34 Our OSCAR system provided pointof-service decision support and administrative functions that were scalable and potentially applicable to other community-based health improvement programs in the United States.
There is also a growing need to provide longitudinal follow-up to demonstrate the effectiveness of public health programs. The outreach component of our program raised awareness within local communities and fulfilled the need for public communication.
This also dovetails with the current, constitutionally directed funding mechanism in Colorado and highlights the importance of public will building for policies that promote integrated disease prevention programs. Next steps include linking the OSCAR data system with existing electronic medical records systems at clinic sites to promote integration between public health and health care delivery systems. In addition, increasingly utilizing CHWs to provide selfmanagement training to existing patients with chronic diseases will facilitate accreditation of community health centers as patient-centered medical homes. j
